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(54) SLIDING MEMBER MADE FROM POWDER 
ALUMINUM ALLOY, AND COMBINATION OF 
CYLINDER AND PISTON RING 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a sliding 
member made from a powder aluminum alloy, superior in 
abrasion resistance, corrosion resistance, 
extrudability, and machin ability, while little abrading 
an opposite material. 

SOLUTION: The sliding member made from the powder 
aluminum alloy comprises a matrix formed by the powder 
aluminum alloy, which includes silicon 12-30%, 
manganese 3-6%, magnesium 1-6%, and the balance 



substantially aluminum with unavoidable impurities, and 
which has 30 or more of multiplied value of the mass 
percentage of silicon by that of manganese; and hard 
particles dispersed in the matrix, which are one or two 
of ferrous hard particles and ceramic particles having a 
lower hardness than that of alumina. A superior wear 
resistance can be obtained also by improving the 
abrasion resistance of the aluminum alloy and dispersing 
hard particles of a comparatively low hardness. The 
aluminum alloy possesses improved corrosion resistance 
because of excluding Fe and Cu, and possesses 
improved elongation and extrudability because of little 
total added quantity of Si, Fe, Cu, and the like. 
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(54) [5gW!©«fM ^T;P5-^A^SSSli^#3&^->'J> : ? r ilfXh>>J>^©a^t>ii: 



(57) [Kft] 

[RBI WJ*«tt. »*tt, ffttitt. «*initel=« 
[fl?9l^f£] 1 2~3 o%G>'r-<mt 3~6%<n^>1i 

fc&$»jfc7JUS-OA£#lr£oTff£/S:5;h.-&7 h 'J v 

JSttSWCfc*. 7JUS-OA-&&CD»l§*ite£ia]±$ 



(2) 



f#M 2003-1 31 63 



i: £-£t;t&3fc7 -IU 5 - O A^SJSi&SUttl:: fc l> T . 

t©Mlf 1 0 0%iLt1 2-3 0%<D*T^mt 1 ~ 
6 %<0 V 1/ # > t 1 ~ 6 %0) -7 -9** v -t> A 1 1£ Si $ Hit 

mizt ;u 5 - f Aay? nise^^t ^e>£: y . fro 
*»it*43-t±fc*tt*« 3 o &l± t tzzmm 

>wsn-fe xis^ro 1 aeut-efeft e t 
■r atasfer^s =-*a*a«« nam. 

5 ="^A_<f K* Si 0O%i LT. 3~ 

3 o%-c-&^iff*iS i E«©t»5Rr;us-=^A$ftai« 
M8M*. 

[IS*H 3 ] Wia«MttiF*«. ll&E-fe 5 5 * *? 

*r;u = - o Ad£&sifttftta>KS$ ioo%a 
1342 7 s x t & & i. t # i*. urea jttt?a 

Sl0 09tt.LT, 1 ~ 3 0%r'fe-Slf*lll Ef£«>t» 

[it ^H5] -mcaKtHTa. mhva'2ooo*i- 

T'feSIS^lII. 2, 3XI*4fBK0)^^7;U5-^A 

[!it*Jl 6 ] «riBf*£«lttt?l2* *~ttft*tt$ p 
A£$*a^Tf&SIS;fcl.I1 , •2XI*4fE«(Dt»5(5r;U5 

[flf$* 7 ] ME* 75'^ A^ -f htt* 

Trfc-SIf#il1 3XI*4ie«<D*9^T;U5— ^A-&^ 

[fS*H8] . miEfllKffl^tt. ^«Stte*<2~2 0-/i 
m-Cfc*8l*fll1 , 2. 3, 4. 5, 6XI*7ES0>t»" 

[»*«9] -!7*-ii?7Xhi:J:DTfi?tttgl 

■r *ffl«iiB(=*»<Diaasj6<»fifc**ifcti#gi i . ..2 . . 

3, 4, 5, 6 v 7XI*8Ett©tt*7;U5=.^A£* 

CiB^iSi o] n i x,i/s n roi^^ftfrSa — "t-c 1/ 
yLfcWt«Bl^i/av h:?7X Ki:ioT«?». 



'[»** 11] v'j fx h>y >y©*a^**3 
.■&i=*ji*t. 

«rffii/y>4T*i*jfflSttai4iifrtaiii**i, 2, 3, 

'4. .5, 6, 7, 8, 9X1*1 0(DU-r*LAMCie®$*l 

fjts-> y >y<©iitrErtJB«Mffi£ffl»r 4«rEtf* h > 
u^ffl»nss«iBttDLca«, wc/ca«ixt/» 

y fx k > u is7(Dm?i--£t>-&. 

[0001] 

^5fe«a»w*t»tf*>-y f * h>«^^t)ti= 

Bl-T-S.'. ttlO'J ?'('t-l;m>4Ci!(i< l C*4 

y >^(DrtJifiis®(rfflLvf = ->y > 

^£t?X h>lcM-Ti). 

[0 0 0 2] 

LT, ftSJH! it X h Ste < if £ x. ztttoz&mtemtk 

[0 0 0 3] LA^Ljfi#r'l4^M©|S]±A^#S|5B a pOTg 
[0 0 0 4] 

•So *<Ofc«)l=T^5-^A#^©it0«tt«)=FaS*S 

5fc*il=T;u5-^A^i=S$©iai^lSJ«^S#* 
sctm^e,^fc„ 

[0005] <5iJxl*^F§B¥.2 - 1 2 20 4 3 -^^fEI= 
I*. ®ikG>*i££tfl 0 Urn&.T0)'T<<m (Si) S# 

<L-7;U5— ^A^j^ibfc:?)-? h'J 'v5XtC(D7 h U 
•y>Xit>l=»tJcSHA>OT;U5-t7A^«St!lS|J*ffl5 
SfiS 1 O0%iLT3~5 %(D7';U 5 ^.f^^l/O . 
5-3 %03HISifi^ t?tL, TJUS 
A ! 3 0// mJJlTT?¥«Saa*< 1 O u m&.TX& V , HfS 
(*S^?iiSA< T 0 w mKiTT*fc-5T;U=^^A^ 
«a»9»i<M«a?*tr^*. £lcc<^T;U5-.^A^ 
^i!^}iibg^?«lCfflL^t»4^i,T;^5i:OA^•^t LT, 7 
;US-^Sfl)If£l OOWtLT, 16-18% 



fcO, 5-2%©7^*v'5A (Mg) £0. 2-0. 
5%a>-*>#> (Mn) i»»*7JU5-'r*A (A I) 

[0 O 0 6] £fc<f#P*3¥2- 1 0 114 0#$*BIZl47 

hU -^*XI4* T;u 5-^ A^#V h'J ^ 
^X0RtSlOO%tLt, 14. 5%(DSid:4. 
5%CD F e t 2. 5°/o(DCu tO.- 5%£>M g £-SSP£ 

[0 0 0 7] L^LCZt'P^$Wc7i^-^A^ 

A*ft«aM«M*fl>»««ttO)^jat*l3t. 'ccMIJC 
fit»0)fiE»<D#aElCckoT. ^fi(4ffi3M*<0»*i£i»;*: 

*l4***t* B*«i±©«*Lfc»»lz*M-r & C fc ic * 
Sfc^lCT^S-^AgWSPttlcSLrWW. tH— U > 

[0 0 0 8] gsfcciJlx&OTrt'S^A^ABBBtt** 

[0 0 0 9] *fc7;U3=^Aft*«a»»*r*i/U > 
MBMfc*fr&£CTl*fc. BP%«a^ottJ»jB»T-C 
BttSUttL»L*::fc**&, aBB<D*B<D»tt*«*-f JU 

[ooio] ^<Dfctoic«t**N&T;u5-^A^Sia 

S3^ttCDill!j®CD^®^ E CMSQifCEIectrochemical M 
a'chining)S|l%11»*PXSfTor#fco LA^LCO>«» 

at?6A«*i:^-r^fct^HHWftofc. » = a a * co 
s&<b£R&i^£y . fliajaoafeaiccfeorjiBKDaoxttiw 

[0 0 1 1 ] -Jjissv h^X K va y h bf— -> 

y« r* 14 ifcittt £i# £ c t £ tt * o 

[ooi 2] *fcx*^ 71114, «»-r*a»«*tcD*i 



[0013] *«W!4-tEBB*«*r4**tfc*ia)-e 

*y.- *3BB0)1WI4. ffitHUffitt. W^tt. Watt. tt 

A$*tea»sMt sa«f4wttfcs. 

[0 0 14] *fc**g!a>BMI4. »ZX*^7|»jhtt 

[oo 1 5] Hlw**Wa)BMl4. x*^/^l»Jhttl=« 

titzi/*) *s?t ex h >cD*a^-^t^i± s tift-r sett? 

[0 0 16] 

[»B*B*r*¥«] (» 1"<D*W) **B#I4«6* 

a>T;us=i->A**BaB»*t(DHBjfi[i=ot>rjaT«) 

Xtt*<»l*<DB\ 7JU3-^A**«ia»»<DWBtttt 
fco f ct-aitTi: L-C(4JtKM«*a>«t^«JHtt^ L 

[0017] ^fc^*cDr;us^^A^^Mil»!iai«co . 
Kii±a<*i^a>i4. ^h'J'^xt ltcdtjus— ^a 

[0 0 18] fCt^BMIt l»SW3ea>*SS* 

jU5.-^A«*aiaiJl«»l = *5L^T. |»^7;US-H7A 
*AI4* »3fcr;U5— ^A44(D*t*Sl 0 0%<hLt 
12-3 0%<7>^--f SRi 1 — 6 %<D"7 Is t 1-6% 
©^^♦t/^AfcBBSSMtWI^TiUS-^Aatf^Rr 

fc»a*<3o»i±tft*ia*-c*y. amiTii, bs 

r ;u st*yt«S tftei^-fe ^ s ^ <7 x$5 

^ataneisfr£«5n 

[0 0 19] EP*>*3§0j3l4. Vh'J'^Xt LX(DT)\s 
;us=.^A**0H«Rt4*|pl±*-B-r«K*»a)ftS 



4#.§a 200 3-1 3 1 63 



[0021] &tz*nwmit. *.*>v?m±te. : &fa±£ 

[0 0 2 2] W%**.B#l**'±aLfc**E<D»3fc7' 

i=«t-5-cffi#*tisn-r'6a«iaBi=*»a)iH«n!i<»«* 

[0 0 2 3] KE*£#>$£&*SiS&rf»3fc7./U5=. 

•5. auiBDi=^/a$4x^i-i=«- : rtiLfc«t^Jti:iHSPi*»ja 

[0 0 2 4] g=fc3M§l8#l4. *f6^©t»5S7 r ;U5~'t7 
A^SaSftSWlrfc^T, N i Stfs nOTlvT;h.^£ 

■3r«*«ta»r-6ffl»B(=*»OIHtt3S«»fiK**L« 

3fc7;u S A^fcaaSSSWSSSfUi Lfci- 
CO 0 2 5-] *:l:M : Fjffll^i'.a -» h^x hOW 

HI 3 fctfxr+tffcx* -v 7l»Jtte£ *#-5> d i: A<S 
H-Cfc-So ^tz7)^Z-^M.^t^±itUZ< INN i 
AlM*S n ^mi=7;U5^^A^SiaS!lg|5«CDai!lffi 
1= =i — t- •<> 7 L fc f£ I + T? I* X * 7 Efi Jt 14 *><=F S.T -5 
f£lfCI*^<, SB#fe1lC=J-^-C>^LfcN i JiUMiS 

f-Sff^T. ^JtClHlg|l^ffJ)j)4-r-i)i:ftl=N i sHM*S 

[0 0 2 6] (m2©5IB^) *fc**6«#fi.- v'J 

mmmmts *#m©»*7;us=^A**aa»»«- 

[0 0 2 7] *fcW©t»*7;U5--?A*fcBHB«l»« 

*5/'j>y©rtffla«iBBtLTa^fc»*» -ecoffi^w 

TJfeStfT. >?"<7>*1-Hai!!.®l=D L C (diamond I 
ikecarbon)ttfls. WC/C (£ — /W KH 



[0 0 2 8] 

tans -r 4. 

[O0 2 9] (mi <D%W) ttiC!>JB9i0>a*7JU3=. 
■5lAfc*«a»«*tl*. *8*7;U 5 ^ A^lc J; oT 

f-®s*4^ t * »*7 ;u 5 _ -7 A^sassa5*t i= 

1 00%t LT1 2 — 3 0%<D>T'(m (S 
i) i1~6%©7>*'> (Mn) t 1 ~ 6%<7)-7-?'^ 
ix'pA (Mg);ta»*S«WI:7;i/S='>A (A I) 

lF<7? 1 1f &.± t* Jo 4 c t * fttt t f 4 . 
[o o 3 o] *5iig©l»*r;u5-'t7A-&^i![asbSl!*t 

-7J W fit «t ^7 > ** > t «HttT-0)**«*«^r i 
SSjtliA^ISTL-CL^^o * C -C-*fgB^CDt»3R7';U 5 ^. 
^A«*«a»ffl«J=fctxri*. V-f«©d«^1 2 

^}&lt-&^-ti-fzafiIA< 3 0 JU-h t & -SfflJS t "T -5 C 1 1- 
[0 0 3 1 ] *fc*SeW<Dt»*r;U5-'7A-&^SSiai!l 

s±j:y ^i^l$A<^gt^-tr : 5 5 •y^xii^-^fflLN^,. an*. 

(D htlxM ic® $ A<ig l \® H?i^- $ t»*7 ;u 5 - O A 
iz&^zitzztiz&ix. t»^7;u5-^A^aa 

T $ «TflWB»(=£ It *«4 * '> < -T 4 «t 

[0 0 3 2] HStiTfl)^tII*; *f£W<Dt»*7^£ 

=-5A$4«aiii*i5*ra)BBiittaT/ffi#»i=j*-r*a 



1 O O % t L t 3 - 3 O % t'fe ^ C i: A<^S L L\ *fc 

t»* 

T^us-'JAftfcBBiJiSW* ioo%tlti-30 

A**JUWMM*£l 0 0%i: LT 1 ~3 0%T*fe^)C 

[0033] a*tt*©**«i<*r*f*i«*tti=*f 

[0 0 3 4] tt£flHttt?& LTJBl*&*i*iHWMtt 

^ ^^S^^X3f5^C0*iSl*t : til^2-2O^mT*fe 

[0 0 3 5] aj3*«W(D»5RTJU5=^A*ft«a«| 
WWI^ffll^HJlffi^i: Ltl*a*«*iP4MH V (Mic 
ro-Vikers Harness) 2 0 0 0*5St?$>4 C £ L 
t^o 7^5+8-F(DMHVIi2 0 0 Otfe L J, MHV^ 

2 0 0 0*jKO)«Jltt*Sffl^4C4:l=cfeorft**t^ 

[0 0 3 6] SfcttSBRtt^fcLTTI*, Xf7^hN 
0.1. FeW. FeMo. J PH3, m~\&fitMWiO □ 
A (FeCrC) &4ttT*ffl^4Ct A<1?#4, d*L 

[00 3 7] $fc-b7 5 7*X^tLtl*, A?-f 
K S i 02. T i 02. T i C, C r3C2. MgO • A 

;us^tt^pj:y tMH vAMS<awtt«s* 3 &Ln^ 

[0 0 3 8] ^fc^B^^S)*7JU5-OA^» 
^v— * — H*>**ffll**cfca<-C**. * fc H & i B ; # 



11^1 0 0%t Lt, «tt5%JaTi-T4CltA^»* 
[0 0 3 9] *fc**M(Dl»*TiU5-^A$ft»ffl» " 

[0 0 4 0] »*r;u5-^A«4SiaiJi«*f©ai!iffl 
i=j:oTa»«a>flia«Jtt*«flW-*ci:*<-e#. *o> 
*iRi±*ii-sci:3&<-e#*. -*fca«iiBi=*ffia)**a 

t'SCtWo tflHS 4<JDX«ft Ltf*if£l+»*7 

5-^A«*«a«i«*ta)aiiiBa)aEffi(=aT*c4:r= 

[004 1 ] rtlM^flSWOJttSfeT^Sn^A^ftBa 
Kami*. Ni.Sl/SnQ)^f^S3-f<>yLf: 

■rfta«iBi=*aa)iH»*<»***L«t*i=N i 

[004 2] CCDcfc^lCN i iDtlMiS n$3- ir*f>^ 
Lfeat^Sffl^tfflMffitva ^ h£fr? - 

tic* or* anBi=»tta>cgtt£»fie a r«&Ai=aai 

a*tfcS^ h>'J ^^KSISL^TJUS-^A 
^&<7)«BBai£IW*.. Ni*lM*SnO«Bt»*t 

■i:attS»Bi:N i §HM*S nA<7iU5-^A^4i: 
««tt*A'lt (;**>— ± JUT P-Y-><f) Lt N i Sfcl* 

sskowsst ju s Ad*»a»a*to>x* * ? n&it 

[0043] *f-a«iffi«c»fiR**Lfc*fttwH»i*»a 
* y oaflsifctc t ic ct o'cBMnoiftAattett 

»»»(DX*^7lWJttt*lRl±S-fr4Ct6<T?**. S 

fcaMffii=«ttT*ar*ctfZcfe-3ra«iBB*«*oxH 

[0044] CKDcfc^l-N i nCDl^tl^^=3 — 

^^LfcWtt^sia^TJus-^A^ftaaMWW 
rear* c tin* o-c\ anBi=iK'hftoa«ft»ik»A 

TOO 4 51 ttte*«WG)TJUS=^A**Wa»WM 



ZOU3- 13163 



ot, «j*7>5-^4lDSiS 1 0 0%iLT1 
2-3 0%CDWSt£ 1 - 6%(D7V*">i 1 - 6%<7> 

[0 0 4 6] ^-LrCCDT^S-^A^tSJ^lrS^ig 

[0 0 4 7] ■■'(«2<D»K) m2CD5§0^l*. ->U>^<h 
t^tfX h>y:>ya>^«a»ffil*DLCl(Ull. WC/ 
[0 0 4 8] ^(Dv'J t°X h>'J >^tf>*I<^ 

: [0049] ex h>u >^f(D^jag«iBi*a«fflL\e, 
*i & m x m t > r ait -f * c <t a< -e # * o ■ a« i c m i \*> 
ex hvj >y<oa®ic^b«asir<fe otubi^ 



[0 0 5 0] czcDJ:5i^vU>^(D*s^-efcsex h 
»«<D»5R7;U5 A^ftta* Lie < < C fcaW 

So 

[0051] ex h>g >ya)naa*sfcD l ca 

[005 2] 

A^*»««l»»*«itLr#aoW«K«t*ff-3fc. 

[oo53] cm 1 mmum : ^ 

T;u3=.^A#4«a»»*r (jut r^aswttj- &i% 
?) atftttta)fc«)a)aili»« (sit- rttittWj tiv 
^) a>««*»tf«*»<B««**a(fiLfc. *^0^» 

R«A^&«*tta»it*»ffiLfc.- 

[0 0 5 4] *»«k«-ci*.- *JSE»»tfJi*M**T- 
*9#*fl4fx K>U v^lcm^bftScDT-'J 

[0 0 5 5] 

[ii] 







£ 1 OKRtt?- 


»2<OSBttMF 


















m*n 


tftS 


mm 

(*) 




(^m) 


(X) 


-rXHJ># 






Al 


Si 


Fe 


Cu 


Mg 


Mn 


Ni 


(mitt) 








% 


25 


— 


— 


1 


3 


— 


FeCrC 


8 


10 


— 


— 


— 


2.3 


2.6 


*3S9WNo.2 




25 


— 


— 


1 


3 


— 


FeCrC 


8 


20 


— 


— 




0.9 


2.1 


*5£W#No.3 




27 


— 


— 


3 


5 


— 


FeCrC 


8 


20 


— 


■ — 


■ — 


0.6 


0.4 


*5£^#No.4 


m 


24 


— 


— 


3 


5 


— 


A^*fh 


12 


5 


— 


— 


— 


0.8 


0.7 


*3§^»No.5 


m 


18 


— 


— 


3 


5 


— 


A^-f h 


12 


5 


— 


— 


— 


1-0 


1.1 




& 


12 


— 


— 


3 


5 


— 


A^-f h 


12 


5 


— 


' — 


— 


4.4 


1.4 


*£^1*No.7 




18 


— 


— 


3 


5 


— 


Ix=7-< h 


2 


5 


— 


— 


— 


4.0 


0.7 






15 


■ — 




3 


3 


— 


A7W h 


2 


3 


— 


— 


— 


5.0 


0.8 


lt«*t NaT- 




15 


— 


— 


3 


3 


— 


— ' 


— 


— 


— ' 


— 


— 


48.2 


0.4 


jta*t No.2 




24 






3 


5 
















23.9 


1.6 


itS» No,3 




25 


3 




1 


3 






3 


'5 


FeCrC 


8 


10 


1.3 


7.1 


Jttt» Na4 




12 


1 




1 


1 






3 


5 




3 


15 


15.2 


6.3 


tt«» No.5 




27 






5 


3 






3 


5 








2.9 


6.6 


ttS « No.6 




15 






3 


1 






2 


3 








29.3 


0.5 


it«« No.7 


» 


17 


5 


3.5 


1 


0.5 






3 


5 








2.9 


5.2 


Jtlfttt No.8 




40 














3 


3 








10.3 


6.1 


it IS W No.9 


a 


25 




4 


1 


















35.3 


2.6 



[0 056] txmj >yo)*9BW»aixittt«i*jaT 

O^ai^^itLfco x77h7-f X;i^ffiLNt, SI 1 1= 

7 0mmt'I$^3 0 Omm<Dt°U^ h 
Lfr 0 ZCDhfU';/ h$lE^4 0 0°C(C^-e*Q^L 

»%lc|««ffffl«-eilg6 5mmO)A»»aitf*ft 
HLfc. 

[0 0 5 7] *i=c<DA»»ai«*««lnxLT. 81 
lc^$nfc**^«&t;jt«^e))3:4nSA«3 5m 

S44 0BttSffll^:,.*SSI*6. 3 mm («) xl 
5. 7mm (jjt) x 1 Omm (iS £) "Cfcofco 
[0 0 5 8] *ffPfflfiK»l*iaT0)cfc5irtTofc, TffliJlC 

h U>y<bM§frr&<fc ; 3l:: J rX h:?n-/$£ffi»Lfco 
;1S;#;S It ffll^ ^>4xfc 5 W- 3 Otf^jttetf)^— x*-f 

^X h U >^I^^S 1 7 6 4Nt*}¥LMltOO 1 6 0 r 
pmO)|nl$£MT'3 0»HIs1|e*1+T, SCfcfXMJ 

[00 5 9] *^^0^«^t/i±lx«(DfflJSIlttirOLN 

[006 0] **ea»No. 3*<»t,BH«*<'># < . BIS 



$0. 8 A/m. .**W»N0:2*<BttgES0. * 
SSSBttNo. SMgUSS* 1 . 0 // rru ttRWNo. 3fi<J*lE9l 
*1. 3 //m. *«K*tNo. 2. "3 //mfc« 

^7JUS~^A^(Dllf 1 0 0%£ LTS i CD^^f 
**<1 2~3 0%<BWI::&y* Mnfl)t.Mtf1-6% 

S I ©*H»W*ii:Mnfl)Ili5»W»li:« ' 
»lt*4o-frfc»tt*^3 0£L±<t&o-Cl^o *fcLvT*L 

[oo6i] -mt*muo. M&xsttmwo. 21*. j?t€?ig 

£ < lBJ**€tt*Mei*. cft^cDttf^tthn^ftt s i <D 

#*fi7b<1 2- 3 0%OfWlCfcy s Mnfl)fitii<1-, 

■6%a>rac:a&y . M g 1 -6%(Draicfey % 

^os i OMlI»¥fl)attiMna)tia»¥a)»l 

^Jtf3 5. 3|imT?*>liyW««ttA<«^. CCBtb 

[00 6 2] *fctttt«No. 4. Jt«4*No. 6&tftt?2#N 
0.81*. »Hgg*A<1 5. 2/im, 2 9. 3 //rru 1 
0. 3^mT*£><& 0 C*l6l*L^r*l*««ttW»*PS 
iBLlt«»No.4ai;H:tt»No.6l*. L^*t* 
S i (D^^SA<1 2-3 0%0)MI=*y . MnCD^^fi 
A< 1 - 6 °/o(D?S\^h y . M g CD^fitf 1 - 6 %(DFe1lC 



(8) 



$$B8 2003-1 3163 



0tt±-Ctt.*l*. *fctb«S*fNo.8fi.- S i a>##fi*<4 
0%T*fc3fr\ Mnr4$*r$J|VCl*£l\ 0 ftoTS i CD 

7b<1 2-3 0%O>Pp1l::fcy % MnCO^Tlt^l - 6 °/o<D 

[oo63] *tztt$mno. 1 1 itimuo, 2t s-tttt-r* 

tt^IfillLtUliCt^i, S i tMn^SlS 
*<-r*Ctl=«fc-3-Tt93KT;i/5^^A^*g«:a)»ai 
tttt£rfij±*i*ac Mnfl)*ti:(kd-ttt*. 
r;u.5-^A^e»<DiiBJ»*l14SiaJi*i±*ci3&<+3 

£ 1 0 0%£ ITS i <D^=fr*A<1 2-3 0%(DFb1(C& 
y\ MnC0^Jt*<1 -6%<DHlrfcy . Mg(D^I 
*<1 -6%<DraiCfcy % ^OS i <Dft*S»*a>SS«4: 
M n.©»i5»*©ailt *Ilt$Jbtfc»W<3 01U 

JiT'fcoT, Kicafttt?e**LTiv&&».7JU3:=. 

[0065] *ir**w«atfjttt»<D«#a*i±Bo* 
«*«'fl>j»«*icoi\r*»^r*. 

[0 0 6 6] **8a»No.K *jeW«No'.2. *#gBJJ**N 
o.3. **B^«Np.4. *3§B£#No.5. *3§gj*rNo.6. * 
9£iH«No. 7&tf*3egj*rNo. 814. fi#*f. ( l J CO 
»ttiSSA<*iX-6*t2.- 6 /im. 2. 1#nru 0./4/I 
nru 0. 7 nru 1. 1 # nru 1. 4 /i nru 0. 7//m 

fflJia^-i LXltmm&t OA^i (FeCrC) ^ 



[00 6 7] tbfx*f(zotNrfill+-ri)i. 

6: 1 //mi^otlN|,o Cftb^b^M&^CD?*.^ 

[O 0 6 8] »=tefc7iUS^0)»****LrL^4it. 
$2#No:3. hk$5«No.4Sl/i:b?5«No.7{4. ffi#*fflOJ»*i 
3R*V7.--"1 jt/m. 6. 3 //mStfS; 2/imt4ot 

fey. *i*y < ftotMo c^ic 

LTt^tk«t«No.6l4. 4B*#<&«iK3E£j&<0;. 5 u m 

tSotfey; tt#»o)j8R*i4/ha?<ftoTi^4.a c 

b 0) C t A> 6 »at/7 JU 5 ^<D#ffi*<ffi^#<0 iSHfi 
[ o o 6 9 ] (m 2 HflKtt : K^I?HmT<0itjg|€14 

^ffi^r^naaT<D*^B^co^7/us~^A^^ 
8sn«M* (jut r^aswwj fcu\3) ai/ttsofctf) 

(DS»«*t (JUT rtb$S#j (DSI€fiS.t/ffi^ 

[00 7 o] *»«k»x?(4. ->y >4T9-r-*:<z>'#7ffi 
itex h>y >y»*«ytBLr±«Kfr 

Btlfc. m*€i<D;li|^f4. SW«0>T«K*ta«J:-« 

«S^it^«(D$I«<!: ;IiJ^^mi4a 2 Ltz 0 . 
[00 7 1] 
»2] 



No.9 



No. 10 



AT 



Si 



17 



25 



2.5 



27 



Fe 



Cu 



3.5 



Mn 



0.5 



Ni 



mis 



sis* 



sic 



FeCrC 



20 



(am) 



17.1 



22.1 



10.1 



2.2 



(am) 



51.4 



0.0 



30.6 



3.0 



[0 0 7 2] *fMBK«0)T«ttfrAa)*aSM»atfH: 

fx » 1 4 JUT CO i 5 1 3 S{ it L tz o 
[0 0 7 3] *r»1»«K«a>»*fcB«l=. -X77 
hT-f X;i^ffiLNT. S2l=nt$ttfc*§«^feoT. 4 

2 * ^->iJaT(0*ag(D7;U5-^A^^»m^S^ 



3 OOmmCOeU^ f^^SHLfco CC0tfb^h^@m 

Too 7 41 r(n».m'****ss*aptuiT i .-r ^ c? /-^=- 



X5mm mm 0)T«IKfrA£flsttLfc. 
[0 0 7 5] ffi^lil^Btlt, *788 5m 
mlSUS4 4 0B^XHklieX h>'J>^S* 1 

[00 7 6] *»«K»(*]5lT<D*-5l=1f'3fco *"fT 
ffliJlcTfli|ia*A£sBSU t©±«i:TillKftAi:a» 

as«fc."*Lrco*»-e±«KJtB*T«iitJtAi= 

[0 0 7 7] #S8K»No.3<BjM*3S*li2. 2 /imt?6 
fiOf=»LT.-"tU»*tH6..7. hblx»No.9^u:tb$5WNo. 1 
QCDBfigg*!*. -ttt-fiXl 7. 1//m, 2 2. 1/im 

Tl>£lV«eK1*No.3ld\ F eStfCuO*tt< it 1 

[0 0 7 8] ft^*t(DJ»«3K*l*, *fSM*tNo.3l=j3^ 
T(4. 3. 0 limV&&<D}Z$iLX. tfc«t*No. 7. tb$£ 
**No. 9&tftb8t«No. lOlCfclvCIS. W^5 1. 4 
/irru 0. 0/imStf30. 6 U mT?fc5o SSt?i 

o.74:Jttt»No.-10l*. «*tt*»tt4<** < . ffi#*r(0 



F a****r^«JlllTftd*L4L^tt«*tHo.9l* 

[00 7 9] uJl6G>Cifr6FeatfCuOiatt± 
£ 4 S£»H »T != 33 It. * tt#«T L . 

T;U£t". S i C$^Ltt^tfi¥ttO)»Rl^ 

[0080] (S3iraKK : tsan»TicibMt*-x* 

Ot»^TJU 5 -^A^SlfIS)SP« OUT r*«lB»j 
fct^) S:l/i:fc$xCD^^f a a l(]a5« (BIT rtblSWj fcl* 

5l¥«Lfco *Bffl514tt(0«SSBl2ir^f o 

Jt«ttirtt±-if »x«* L fc * <o STffltt ctu 

±«HWrDtLfc. ^^ftihttl*. *¥MffiK»£B8 

hi * ■<» * a fi L T WflB L fc . 33 *BflBK» T? ffl t * b *l 
fcTfflJK fir C t ±ffliJHfi- D (Dtt^**>l4- 1 3M£ttx&ft 
3l=*Lfc. *j3g3(DlS(*+^ffl* (Rz) T? 

[00 8 1] 
[S3] 











«*4 ' 






No.1 






O.SZ 






No.2 


=*^«Nai3 




0.52 


WC/C3-h 


8# 


No.3 






0.52 


DLCn-h 


8# 


No.4 






2.5Z 


fc<b 


25#U± 


No.5 


*5£f»WNo.8 


«tt->g y KSnn- H±±if 


2.5Z 


3<b 


25^J^± 


No.6 


*5S^tfNa8 




1.5Z 


8<b . 


255Wajt 


No.7 


*»^WNa8 




0.5Z 


S<b 


2ft33 


No.8 


^WttNa8 


ttttl^gy Httft 


2.5Z 


Bfb 


4^ 


No.9 


fl»FC230 




1.5Z 




10^ 


No.10 


lftf*FC230 




0.5Z 


Sfb 


1# 


No. 11 


A390 • T6 




2.5Z 


£<b 


8^ 



[0 0 8 2] TllJKfi-Ci LTffll*4#*9mNo.3;&tf 
**B!*tNo. 8(4. 12 »flEKtt^)«d <t H«<&*£-C. 
H«0)»«lcflFfiKLfcti(0-efe4. ttDt»*lt 3 0 
mm x 3 0 mm x 5 mm (JSJS) Trfo&o &33^^^*t 
No.3auf*«E^»No.8<DffljScl4, Si ICS* 1 33 y "Cfe 
-So SI=C<Dcfe3l^3H*^fc**W»No.3ai;**8§ 
WNo.8<^SaicS3lc^$ixfd±±lfJtK]X^;i6StfiL 



hi=cfeoTfi¥«ta»r*aBsic*ttoca»t 

f 5o 



(10) 



*$Bfl 200 3-1 31 63 



l£T)U5. z.^A^tA 3 9 0 ■ T 6 ^ffll^/io £i£fc F 2 
3 OCDSSlClitt-tif*— ->^^ifiLfco *frA 3 9 
0 ■ T 6(Z)SffilCl*«)BJlPX (ECM) flia$SfiL'fc 0 

fcfcA 3 9 Otlt A I -S i -Cu-Mg^fco' 

4ft0tfJ1 0 0%iLT, S IA<1 7%, Cu 
#4. 5%. Mgtf O. 5%-e. 8£*<A I <DT;U5- 

[0 0 8 4] t°Xh>'J ^><f#k LrjBl^&*l*±<fflK 
frDiltl*, *7S8-5mmfflSUS44 : 0B*Xi 

[0085] mm&mit, «3"ic*4*3i« »i="«fls 

[0 0 8 6] KM±; ±«KJVD(t05fe*3b<TftKfrCO> 

aiBi=Mi=4*«fc5i=a*Lr±«tt>i , Dt4 9 nt? 

iOlLfcttST, TiKftC*ttfl(E«30mm, SI 

jft*aiteLfc; »nt»(*5 w3 o<<— X*-f>uSffltv 
T> KltliulcTt^^^ 

jaf&lkK& T * rtiltS L & A* o • is l*S;Sr (to 

fc., 

[0 0 8 7] tt^ifrttNo. K No.2&l/No."3(Cj3l+4T 

«K Jt c <7>tt± if * i *i t i±± if*—- > y-c fe 

31** ^tt^lSBg^— K. WC/Ca - K DLCa 
. — KTrfc^o Ut^t^^fritNo. 7<£>*i^Hl::l*No. 8 

<o'«*«fe y *«»«*3Wftii±#"r Sot 
^•■fcLr^rt ex h>u >^ic«aia — k wc 

'V ? ffi it tt * [Si ± * 1± * t % x & ft 5 o 
[0 O 8 8] $I<^tDi±No. 4, No. 5. No. 6. No. 7. No. 8 

L^LM<^frl±No. 4. No:5&i;No;6!zfc(+ST 

MKi4rca)tt±if^rJii*-t-*i-e*i«tti>a v Hn i a — 
H±±lf ..«K[^ a ^ h S n a- htt±lf&tf 

h«yn±±if fcfco-Tfcy; i^*t*«»«»3W. 

ifcl=±JW-*BMIII*2 5»)a±S©L-CA>&r*fe5o - 
*tblC» LTffi^t)1±No. 7, No. 8(cfctNTI4Tt g JJIiC>Tr 



* hS nzl-httJilfSi;^^— S*:?oX Hflgtt-tlf 
i =1- htt±lf\ WftLisB '^Sna- htt±lf&tf^ 

:/ox hffiatt±«f»a>**<tt±if*-->^«fe 
y i*x* ^■■bR&jhiticffitvrLN^t^is. ttJbif 7t>— 

~>yi*aB*<ttffi<bL»^fc»lcx*^7|»±tt*<5F 

-~>^iy^ixA;y37|»Jl:tt^^fi]±Lrl^S3^)V ts® 

y37hSna- htt-tlfilPb*--* hfflStt 
±lf^^lt^i)<h^f£^+^^%^^tL^o -hb(D 
^ ^A^*»B^«$fflL<r^'lliSF*LfcvU l/^7*t(Z 
«M&;> 3 7 hN i a— httJilf , «iv 37hSna- 

h tt± if a * it — $ y => x h as <±± if t nf - £ 

X *l o (Wibtt<D fS] ± £ it % Z t & V # * ; - t tfiO'fr 

o 

[0 0 9 0] SI^#^-t±No. 9. No. 10SI/NO. 111*, $1^ 
^+5-t+No. 4. No. 5SU:No. 61= J: y.tt*»«»*<3R.I=±* 
-T-5*T'CD^A<5§ </j:oTUli 0 *fc$l^t?-l±No. 7 
t No. lOSitttr* fc. Cffl20liv'J >$*tKTW<7)# 

«No. 8£ffll^:$l.?*--£:b-t!-No. 7<75^A<g}§^StA<mi=± 

[009 1] *t=*SIB^|=Ska-> i';hN i a - hl± 
±lf. »4->a -v h s n a— htt±lf&^^-— $ ^ 

[0 0 9 2] (ff 4t¥flftgBt : a»4««t(6fPffi) 3fel=JS 
* fctt JSiS 5tTI= If h X * ~? KfiJhti OTlf fliKSt t H 

Jt^rofcftfiififfliw (jut rtb$$ttj <tiN5) 

[ 0 O 9 3 ] ^¥F1ffiKfS«>fflESI*. m 3 !?«iSlt«t l^tS 
tt««l=tfc±lflnx*JfiLfc*<b*T«KftCt L. tf 

t. k> y s^j y da lt±«iiis^ d t Lfc. «^ 

ttl*. *Bflftttt*Mt6Lr 3^ (//) A<$S 
[0 0 9 4] TiKfrCfflttfi. *<Dtt±ifinx^a& 

tp-t±S.^^C0;li|^$g^^^4l=^tfc„ gp*.No. K No. 

7, No. 9slu;no. in*, 'A3tmumtm-<r>m^t>it 

t?fcy . No. •12liSrfc>iffl^*5-t*-C?fe4- 



TTirrj t- w v-» i %«• i w 



!§]--?£> SOT*. m3l¥<lKSSI=fclt-Si5i^l-S8-5. 



[0 0 9 6] 
[84] 

















No.1 






0.5Z 


tiffin- 1- 


0.02 


No.7 






0.52 




0.03 


No.9 


ttl*FC230 




1.5Z 




0.09 


No. 12 


SS»FC230 




0.5Z 




0.07 


No. 11 


A3 90 * T6 




2.52 




0.10 



[00 9 7] *tmumt. iH»»i:LTflll*S*lfc5 
W-3 O0>&M<»'<— ^Tt-jMZi&mcOttmX'. ±mu 

ft d <D9iimTMM Hr c cos® * £ 3 1= Sff 

LT±$llitttD£4 9 NT'iDSLO-DTtliJISfrG^tim 
Et4 0mm. tfilS5 H rT?tt«tStt. JBKa 

»*<£5g L fetta J*Kffift £3H£ L fco * ftiHftttoa 

[009 8] $a^^>i±No. 1 &tt*No. 7(*^^L^H^^0^ 
»No.- 3;&tf*«Bil*tNo. 8£ffil*T*5 l J * l^r*ttitt±lf 

y. mfr&t>i*:no.i-vi*mitmmv&z>o ft^tttmzm 

l*fcffl^^:b1*No. 9. No. 12&I/N0. 11 * y ffttflfcftft</]\ 
[0 0 9 9] ffl^^-t>1±No. 9;&tfNo. 12l=fct^rffll^ 

*i*:«$*fc 2 3 oa<tt±if*— 

& 0 sia f c 2 3 o littsib uc < < . a*aj3?Bf*^ 

£*i5o £fc«^3bi±No.9;RtfNo. 12lrfclNTI*tt± 
If*— — >y LfcfiM&F C 2 3 O<D»H<0SaF*<Rfco 



itNo..7*y. <3SoTO* 0 . 

[01O0] (W.5 If olKfik : «J»tt*a>»«) 
■*tNo..K *#SW*tNo.3. **W*fNo.7. *S8W»No. 8. 
tt8t*TNo.3* tbSttNo.7. i±$£*fNo. 8&t>'J£$£**No. 9lz 

[0101] ttJ3«5ft*lil*. *R»»Ui«-c»LUi-*- 

[0102] *»ffiKJ»^?fflL^^)^^fc**KW&l/ltla 

[0 10 3] 
[S5] 







<D 

t%) 




£13512 


m 




ttft 

(%) 




Al 


Si 


Fe 


Cu 


Mg 


Mn 


Ni 


No,1 




25 






1 


3 




FeCrC 


8 


10 




No.3 


m 


27 






3 


5 




FeCrC 


8 


20 


O 


No.7 




18 






3 


5 






2 


5 


O 


No. 8 


» 


15 






3 


3 






2 


3 


c. 


No.3 




25 


3 




1 


3 




AI203 


3 


5 


X 






17 


5 


3.5 


1 


0.5 






3 


5 


X 


^0.8 




40 














3 


3 


. X 




5£ 


25 




4 


1 












X 



r/-\-» ^ /ii -4- 2* na f -t- i \-*=X>s 4- +ra Uj iW- *i -r; ±c 



x Bn -t «4 f- fM f^id-+-* i-J--r?J-f / ^ t^- is +>fc / - 



(12) 



ftffl 2003-13163 



I * T t H fi t>< I * t # 7L ib tl S o 
[0 10 5] CftlCitf LTht$£#No.3. 



tfctt»No.7, it 



No. 7. it««No.8lCOl>rttT^5-fCD#ffiA<flat±lc 

[0106] (me mri* : m&m&<nmffi) sir* 



[0107] *B«Ktt-cfflt^&*ifc*«w*fatfttK 

[0 10 8] 
[S6] 





»*7;us-OA^a 


1%) 






mm 


life 


(*) 


(W/m • k) 


Al 


Si 


Fe 


Cu 


Mg 


Mn 


Ni 


. No.9 


gt 


21 






3 


3 






12 


3 


175.0 


No.8 




15 






3 


3 






2 


3 


209.0 


Jttfctt 
No.7 




17 


5 


3.5 


1 


0.5 






3 


5 


119.0 



[0 1 0 9] CcO«fe-5l-*^B^(»^r;U5-^A^ 
[0 11 o] 

CO 1 1 1] *fc*fS^O>*»3S.T^5-^-^ = ^ffii^»l 

«*»t}Bib-r«ffl«iiBi=*««>ia«s»j«-^*ctj= 
[0112] Mir^ss^rota^T^s-f A^siiaa 



ffi»-r-5ffi»Bi=#'a<DiaaJS^fiE-r-5-i:si=N i &iui 

•v 7 Rfiih 5 (S] ± $ it Z> C t tfV 2 -5 . 
[0 113] *fgB^03->'j >5fi:ex h>'J >^<Diffl^. 

[12] m3ifffiiits^. m4!f«stito5ffii^$jF-riii 

A : T«K* B-:i«K>Y 
C : TfflHSSM- D : ±MK* 



[i1] 



[IH2] 



At! 



HIS 



!5« 

Jfc 



J- 1 



(51) Int. CI. 7 

C 2 3 C 28/00 
F0 2F 1/00 



F I 

C 2 3 C 28/00 
F 0 2 F 1/00 



t-7h-K-(##) 



c 
o 

G 



(13) 



t$B3 2 0 0.3- 1 3 1 6 3 



F £ — (#%) 3G024 AA22 FAOO FA06 FA09 GAOO 
GA08 GA18 HA07 HA10 

4K018 AA16 AB01 BA08 BA13 BA20 
BB04 FA01 FA05 FA24 FA25 
KA02 KA08 KA09 

4K044 AA06 AB03 AB04 AB10 BA06 
BA10 BA18 BB02 BB03 BC01 
CA12 CA13 CA14 CA23 CA51 



